It was reported previously that adriamycin, a quinonic glycoside antitumour antibiotic, inhibits the (Na++K+)-dependent ATPase* activity of native rabbit heart microsomal fraction at the extremely low concentration of 1 0 f M (Gosalvez & Blanco, 1975). This effect of adriamycin is not very reproducible; it is lost on purification of the enzyme and it was thought to require other factors besides ATP, Na+, K+ and Mg2+.
It was reported previously that adriamycin, a quinonic glycoside antitumour antibiotic, inhibits the (Na++K+)-dependent ATPase* activity of native rabbit heart microsomal fraction at the extremely low concentration of 1 0 f M (Gosalvez & Blanco, 1975) . This effect of adriamycin is not very reproducible; it is lost on purification of the enzyme and it was thought to require other factors besides ATP, Na+, K+ and Mg2+.
Abbreviation used: ATPase, adenosine triphosphatase. We have now carried out a systematic search in shark salt-gland microsomal fraction for the factors required for the inhibition of the (Na++K+)-dependent ATPase activity by femtomolar concentrations of adriamycin. The shark salt-gland microsomal fractions were provided by Professor J. C. Skou (Institute of Physiology, Aarhus University, Aarhus, Denmark) and were preserved at -80°C before use. The (Na++K+)-ATPase activity of the microsomal fraction was assayed by measuring phosphate production (Post & Sen, 1967) from ATP or CTP ( 3 m~) during 40min incubations of 30pg portions of microsomal protein at 37°C in 1 ml of medium consisting of 50m-imidazole, 100mM-NaCI, 20m-KC1 and 3m-MgC1, (pH6.7). The respiration of the microsomal fraction was measured in an oxygen electrode with 0.2~M-SuCrOSe as assay medium (22°C at pH7). The formation of ATP from ADP plus Pi by the microsomal fraction was measured by coupling with hexokinase and assaying glucose 6-phosphate (Hohorst, 1965) . When measuring ATP formation, CTP was used as substrate of the (Na++K+)-dependent ATPase.
Under control conditions for (Na++K+)-dependent ATPase assay (medium containing only imidazole, Na+, Mg2+ and ATP) and with glass tubes, adriamycin inhibited the (Na++K+)-dependent ATPase activity in a few instances in an irreproducible manner; experiments with some inhibition at very low concentrations alternated with experiments without inhibition at any concentration. The addition of ~~M -E D T A to the assay medium or the use of plastic tubes and 3-times-distilled water suppressed the inhibition by adriamycin in all instances, as if small quantities of metals were required. The addition of critical concentrations of FeC1, (SpM), CaCI, (0.4m), phosphate (O.SmM), ADP (1 mM) and ascorbate ( 4 m~) in the assay medium (asc, Fe"), 4m-ascorbate plus S~M -F~C I , plus 0.4m~-CaCI, (asc, Fe3+, Ca2+) and 4m-ascorbate plus S~M -F~C I , plus 0 . 4 m~ CaCI, plus 120m~-Na+ (asc, Fe3+, Ca2+, Na+). The assay medium was 0.25~-sucrose plus 300pg of microsomal protein/ml at pH7 and 22°C. (6) ATP synthesis by shark saltgland microsomal fractions in different assay conditions. 0 , Assay in the presence of 3 rnM-CTP, 50m-imidazole, 6m~-Mg'+, 100mM-Na+, 2 0 m~-K + , O.SmM-phosphate and 1 m -A D P ; 0 , in the presence of 3 m -C T P , SOm~-irnidazole, 6m~-Mg'+, 100mM-Na+, 2 0 m~-K + , 0.5m-phosphate, 1 m -A D P , 5 p~-F e~+ , 0.4m~-Ca,+ and 4 m~-ascorbate; A, in the presence of ~~M -C T P , 5Om-imidazole, 6m~-Mg'+, 100mM-Na+, 2 0 m~-K + , O.Sm-phosphate, 1 m -A D P , s p~-F e , + , 0.4mh4-Ca2+, 4m~-ascorbate and 1 mwouabain. The concentration of microsomal protein was 300pg/ml at pH 6.7 and 37°C. substantially decreased the (Na++K+)-dependent ATPase activity of the microsomal fraction, by using ATP or CTP as substrate (Fig. la) . Under these conditions, the remaining ouabain-sensitive ATPase activity was more frequently inhibited by adriamycin at femtomolar concentrations (Fig. lb) , but the inhibition was still not 100% reproducible. While looking for the reason for such specific requirements in the inhibition of the (Na++K+)-dependent ATPase activity by adriamycin, we encountered the presence of a respiration with ascorbate as substrate in the shark salt-gland microsomal fraction that was strictly dependent on Fe3+, Ca2+ and Na+ (Fig. 2a) . This respiration, which was cyanide-insensitive, was required for the inhibition of the (Na++K+)-dependent ATPase by femtomolar concentrations of adriamycin. On the other hand, the shark salt-gland microsomal fraction showed a Na+-and K+-dependent ATP synthesis from ADP and phosphate. This ATP synthesis increased with the addition of Fe3+ (~PM), Ca2+ (0.4m) and ascorbate ( 4 m~) and further increased with the addition of ouabain (Fig. 2b) . This ATP synthesis also appeared to be a requirement for the inhibition of the (Na++K+)-dependent activity with adriamycin, but even under conditions allowing for Fe3+-and Ca2+-dependent respiration and phosphorylation, the inhibition by adriamycin was still not 100% reproducible.
To explain our results, the hypothesis is put forward that the physiological or 'transporting' function of the (Na++K+)-dependent ATPase is coupled or geared in the membrane to the function of respiratory phosphorylating assemblies. This coupled enzyme would be sensitive to adriamycin at such very low concentrations because the drug would act in the respiratory assemblies, each one of which would be controlling many molecules of ATPase. As our group has discovered that adriamycin inhibits, at femtomolar concentrations, the capping of surface immunoglobulins (Godvez eb al., 1978), a process well known to depend on contractile microfilaments (Schreiner et al., 1977) , we have proposed (Godlvez, 1977) that the link between respiratory assemblies and ATPase molecules in the membrane could be established by contractile microfilaments.
This work was supported by contract N01-CM-53792 with the Division of Cancer Treatment of the U.S. National Cancer Institute, Bethesda, MD, U.S.A.
